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Computed Effects of Tree Crown Shape and Canopy Structure 
on Light Environment in an Isolated Tree Crown Possessed 
Almost Identical Leaf Area， Volume and Land Area Occupied 
Takanori Y AMAM仁TO
Section of Agricultural Production， Department of Bioproduction， Faculty of 
Agriculture， Yamagata University， Tsuruoka， 997， Japan 
(Rec日ivedSeptember 1， 1997) 
Summary 
Six hundreds forty modelledcrowns with wide-spanned canopy structures were constructed in a 
computer memory by combining different and simple 32 solid bodies with 20 species of procedures for 
decreasing the volume. These modelled-crowns were forced to possess almost identical volumes of leaf 
canopy (VLCs)， land areas occupied by leaf canopy (AOLCs) and leaf area indices per AOLC (LAlcs) 
and to have leaf canopy thickness less than 3.15m. The daily means of photosynthetic photon flux 
density (PPFD) on leaf surfaces (DMPPFDs)， the hour1y means (HMPPFDs) and their variances of 
the isolated modelled crowns under a bright sky or an overcast sky in the end of July wer巴巴stimated
by the simulation model (Yamamoto， 1988) using several parameters of an apple 'Fuji ' 
1. The means of AOLCs， LAlcs and VLCs of the 640 modelled crowns were 5.02m'， 3.176 and 6ま12m'，
respectively， and their coefficients of variation (CVs) were about 3%. The CVs of another biomet-
rュcaldata wer巴 above20%， and that of the unavailable volumes (UVs)， the mean layer thickness (LTs) 
and the mean cavity thickness (CTs) were especially large. The CV s of DMPPFDs were 7.35 % under 
a bright sky and 7.65% und巴ran overcast sky. Theref ore， th巴potentialto improve the light environment 
in an isolated crown without changes of AOLC， LAlc and VLC was recognized 
2. The DMPPFDs of the 640 modelled-crowns under the 2 skies possessed highly positive correlations 
against the volumes of solid bodies befor巴 thedecreasing proc巴dure(VOLC~Es) and the C'Vs (rニ 0.6934・H
and r=0.6167*'* under a bright sky， or r=0.6310**' and r=0.7464・**under an overcast sky， respectively) 
The all HMPPFDs poss巴ss巴dnegative correlations against the L T values of the vertical direction under 
the 2 skies. Th巴HMPPFDspossessed negative correlations against the LT values of the east-west direc-
tion and the south-north one at all hours under the overcast sky， and only in the morning and evening 
under the bright sky. The similar analyses against the CT values showed almost opposite correlations. 
The external surface areas (Ss) of the 巴astdirection or the w巴stpossessed positive correlations 
against the al HMPPFDs und巴ran overcast sky， but only in th巴morningand evening under a bright sky 
3. Effective improvements of light environment were found in some solid bodies such as且 cube，an 
elliptic cylinder or a hemisphere + a circular cylinder. These cubic bodies have larger volumes to be 
ll1scr 
large and the CTs smal and improved the light environments 




















や困難性を排除するために，コ ンピュ ター を活用しでほ
ぼ同ーの葉面積指数，樹冠容積および樹冠占有土地面積
を保有させながら，いく つかの単純な形の立体と葉群構
が高いか? この疑問を解くこ とは， とりもなおさず， 造とを組み合せる ことによって多様な形態， 構造の樹冠





場合にも与えられるが，性格と解決手段の点で異なる. と晴天日 と曇天日の 2種類の投射光デ ター を組み合せ，














のための低樹高化， 機械化対応樹形， 病虫害発生の少な 直分布に限定して畑の代表的な一部の光環境を調査ある
い通風良好な樹形や栽植方式の探索が要請される.欧米 いは推定する (Wit，1965; Ros . Nilson， 1966;堀江，
諸外国において大規模なリンゴわい化栽培が普及する中 1981).しかし，果樹園，茶畑，桑園あるいは庭園木など
で，最近，これに数種類の樹形や仕立て方式を組み合せ (離散分布型作物，非連続植被)の場合，葉量の水平分
た多数の試験が実施された (Robinsonら， 1鈎1;Ferree 布の不均一性を取り入れねばならず，その光環境の調査
ら， 1989; Claytonら， 1993).これらの実用的な収量 や推定は前者に比べて格段に複雑になる (Verheiji. 
試験は貴重であるが，試験成績の差異には種々の要因に Verwer， 1973; Jackson . Palmer， 1971; Jackson・
よる影響が総合的に現れるため，その要因解析， とりわ Palmer， 1979).葉面放射分布を果樹の樹冠内葉量分布
け，光環境要因の解析は難しい.上記試験の多くは樹冠 情報のもつ大きな自由度に対応させて推定する方法は著
内光環境の調査を含むが (Warringtonら，1989; Elfving 者が知る限りこれまで提出されなかったといっても過言
ら， 1990; Ferreeら， 1993) ，光強度の分布を樹冠内く ではない.著者はこの対応策のーっとして，①推定理論
まなく調査する ことは特に樹冠内に班光が変幻する晴天 内に特定作物の葉量分布特性などの経験的要素を一切含
日では実質的に不可能である (Campbell'Marini， 1992). めず理論立てを行う，②その代わりに外から与える全く
また，多数の樹を用いた光環境比較試験ではその調査に 任意の葉量データに柔軟に対応できる受け皿機構をもた
14 
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す， ③仮想、グリッドと斜方柱の交錯による解析手法を初 のように任意に与える方法，②写真計測で推定入手する







させた(2 .を参照).このモデル樹冠データが上記の推 面上の光合成有効光量子束密度 (以後， PPFDと記す)
定モデルの入力データとなる.したがって，両者の整合 の分布データを出力させ，その平均値 (HMPPFD)と標













射すれば，斜方柱状の光東ができる.この光束がグリッ は実測値を完全散光 (perfectovercast sky) に修正し




















冠をつくり ，グリッドを組んで、ブロック内の 1枚 l枚の
葉面放射強度を短時間内に実測し，このモデルを検証し
たところほぼ良好な結果が得られている (山本， 1988). 
推定モデルに用いる葉量分布データの入手方法は①本報
15 
Table 1. Diurnal data of direct solar PPFD at horizontal 
plane (TLI，unit:μmol' m-2・sec-1) on a clear 
sunny day and that of diffusive solar PPFD (811) 
on a typically cloud巴dday in the end of July 
which were used in the present estimations. 
Hour time Bright sky' Overcast sky' 
of a day TLI SLI TLI SLI 
6a. m. 178.9 135.6 80.1 80.1 
7a. m. 573.4 246.1 270.3 270.3 
8a. m 835.1 300.9 370.2 370.2 
9a. m. 1149.6 383.4 365.3 365.3 
10a. m 1457.8 475.1 444.9 444.9 
11a. m 1783.7 452.5 650.3 650.3 
12a. m 1940.7 446.8 725.0 725.0 
lp. m. 1802.7 467.8 650.3 650.3 
2p. m. 1405.4 462.9 444.9 444.9 
3p. m. 1011.8 416.9 365.3 365.3 
4p. m. 7∞7 346.3 370.2 370.2 
5p. m 398.7 256.9 270.3 270.3 
6p. m 165.9 125.0 80.1 80.1 
， Observed data at Tsuruoka on July 22ュn1985. 
Y Modified data as a perfect overcast sky from observed 
data of several clouded days in the end of July in 1985 








Table 2. Parameters used in the present estimations. These 
parameters are quoted from the previous paper 
(Yamamoto et al.， 1990 J. The explanations of 
these parameters refer to the paper. 
Parameters in sky hemisphere sections 
Division number in且ltitudeangle 6 
Division number in azimuth angle 8 
Division number of a side of a cubic grid 21 
Parameters of Beta function' in leaf inclina-




Paramerters for calculation of extinction 
coefficients for parallel bεams of stems of 




Parameter R， 0.260 
Parameter R， 0.279 
Parameter R， 0.211 
Parameter R. 0.137 
Parameter R， 0.097 
Parameter R. 0.023 
P且ramertersfor calculatュonof extinctュon
coefficients for transported and reflected 
beams of leaves of an apple cv. Fuji in summer 
Parameter D， 。
Parameter D， 0.0002733 
Parameter D， 。
Parameter D， 0.1708 
Param巴terD， 1.989 
Parameter D. 1ー.302
， Leaf inclination angles were produced and extinction 
coefficients for parallel beams of leaves were calcu 
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3.樹冠形態と葉群構造の特性値の計算 び上下方向に分けて，グリ ッド断面上のブロ ック編目ご
構築された各モデル樹冠のLAlc，AOLC， VLC， LCT， とに葉を含むブロックの連続数を数え，ブロックの 1辺
内部無効容積 (IUV)および外部無効容積 (EUV)は既 長を乗じて葉層厚とし，方向別に集計平均したものを平




よび樹冠の外部表面積の計算のためのサブルーチンプロ とした.また 容積削減前の立体の最も外側の l層のブ
グラムを作成しこれによりモデル樹冠の葉群構造を詳 ロックのうち削減処理後でも残存するブロックの数を東
細に調査した.すなわち，葉の存在するブロック 1個を 西南北およぴ上下の合計8方向から別々に集計し，ブロッ
葉層単位とみなしグリ ッドの南北方向， 東西方向およ ク1面(正方形)の面積を乗じたものを方向別の外部表
Fig. l. Computer-graphic outputs of an appearance of the 2.4 solid bodies which are made of cubic 
blocks and us巴din the presen t estima tions 
2:Flat spheroid. 3:S1ender spheroid. 4:Circular cone. 6:Body of revolution with a parabola. 
8:Circular cylinder. 9:Truncated sphere‘lO:Truncated flat spheroid. I1:Truncated slender spheroid 
12:Truncated body of revoh.ition with a parabola. 14:Truncated circular cone. 16:Spherical crown 
17:S1ender hemispheroid (upperl + flat -hemispheroid Oowerl、19:Cask.20:Secter of a sphere 
21:Crooked secter of a sphere. 22:Hemisphere (upperl十 circularcy linder (]ower). 23: Hemisphere 
(江pper)+ body of revolution with a parabola Uower). 24:Inverted sector of a sphere. 25:Cir 
culu cone( upper)十 circularcy linderUower). 26: Circular cone (upper)十 invertedcircular cone 
(]ower). 27:eircular cone (upper) + body of revolution with a parabola. 30:Inverted pyramid 
3l:Elliptic cy linder. 32・Pyramld(upper)十 invertedpyramid (]ower) 
Another 8 bodies are not shown in the figure. 1 :Sphere. 5， 7， 13， 15， 18 and 28:Invertion of 
4， 6， 12， 14， 17 and 27， respectively. 29:Cube 
17 
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Fig. 2. Computer-graphic outputs oLan aPIl巴aranceand 2 profiles of the internal eanopy structure .~~ 
E central 3block-rows of the 20modelled-crowns whICh are produced by comblI1mg a sphere WIth 
20speclesof procedures for decreamng volume of soud body (A-TL A-T refer to Table 3.
18 
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Table 3. Twenty sp巴ciesof procedures for decreasing 
volume of a solid body. 
Empty 




“V" form cut in E-W direction 
“V" form cut in S-N direction 
Depression 
Sloped-cut southwards' 
“L" form cut southwards' 
B + D 
B + C 
B + E 
B + J 
Multi“V" form cuts in S-N direction 
Multi“V" form cuts in E-W direction 
Clustery layers 
Removal of 2 inverted-pyramidal layers 
Removal of 2 pyramidal layers 
Removal of 3 inverted-pyramidal layers 
















Z A horizontal ring-layer of a block thick was added 










































をスローフ。状に除去(I)， 南面をL字状に除去 (J)，B 
とDの組み合せ (K)，BとCの組み合せ (L)，BとEの
組み合せ (M)，BとJの組み合せ (N)，南北方向にV字




Table 4. Means， ranges， standard deviations (SDs) and coefficients of variations (CVs) of several biometrical data， 
means of daily distribution of PPFD on leaf surface (DMPPFDs)， standard deviations of daily distributions 
of the PPFD -(DPPFDsDS) and means of hourly distribution of the PPFD (HMPPFDs) under a bright sky 
































































































































































































Land area occupied by leaf canopy AOLC 
Leaf area index per AOLC LAlc 
V olume of leaf canopy VLC 
Leaf canopy thickness LCT 
Internal unavailable volume IUV 
External unavailable volume EUV 
Total unavailable volume IUV + EUV 
Original volume of solid body VOLUME 
Upward-outside surface area Su 
Downward-outside surface area SD 
Eastern-outside surface area SE 
Western-outside surface area Sw 
Southern-outside surface area Ss 
orthern-outside surface area SN 
Total-outside surface area ST 
Mean layer thickness(vertical') LTv 
Mean cavity thickness( verticall CTv 
Mean layer thickness<EW -direc. ，) L T ，w 
Mean cavity thickness<EW-direc.) CTEW 
Mean layer thickness(SN -direc. ，) L Ts" 
Mean cavity thickness(SN-direc.l CTSN 
Mean layer thickness{ 3-direc・ LT. 
Mean cavity thickness(3-direc:) CT . 
(PPFD on leaf surface under a bright sky) 
Mean of daily distribution DMPPFD. 
SD of daily distribution DPPFDsD.' 
HMPPFD at 8 a. m. HMPPFD8b 
HMPPFD at 10 a. m. HMPPFDlO. 
HMPPFD at 12 a. m. HMPPFDl2. 
HMPPFD at 2 p. m. HMPPFDl4. 
HMPPFD at 4 p. ffi. HMPPFDl6. 
(PPFD on leaf surface under an overcast sky) 
Mean of daily distribution DMPPFD. 
SD of daily distribution DPPFDsD.o 
HMPPFD at 8 a. m. HMPPFD80 
HMPPFD at 10 a. ffi. HMPPFDlOo 
HMPPFD at 12 a. m. HMPPFDl20 
HMPPFD at 2 p. m. HMPPFDl40 

















• Measured in vertica1 direction 
， Measured in east-west direction. 
• Measured in south-north direction 
• (LTv+LT，w+LTsN)/3. 
• (CTv+CTEW+CT日 )/3.
uμmol' m-'. sec-' 










間隙厚で大きかった(第4表).制限を設けた樹冠厚 (L 値は立体の番号で示す29，31， 22， 11， 8， 3， 16， 1， 








の相関は朝夕が日中よ り高かった(第 6表). したがっ
Table 5.Coefficients of correlation between the DMPPFD 
and the several HMPPFDs under a bright sky 
of the 640 modelled-crowns or that an overcast 
sky. Abbreviations refer to Table 4 
A bright sky An overcast sky 
HMPPFD8 r =0.槌59...Z r =0.9036'" 
HMPPFDlO r =0.9707"・ r =0.9721'" 
HMPPFD12 rニ0.8802"・ r =0.9505・H
HMPPFD14 rニ0.9561'日 r =0.8340・H
HMPPFD16 rニ0.9089"・ r =0.9609・H
'P<O.OO1 
Table 6. Coeficients of correlation between the DMPPFDs 
of the 2 skies and that between the HMPPFDs 
of the 640 modelled-crowns. Abbreviations refer 
to Table 4 
DMPPFD r =0.9290'''' 
HMPPFD8 r =0.8982"・
HMPPFD10 r =0.8882'" 
HMPPFD12 r=0.7617・H
HMPPFD14 r =0.7540'" 


















れをモデル樹冠の記号で示すと， 1A， 3A， 13A， 16A， 
17A， 24A， 25A， 16C， 17C， 22C， 1D， 3D， 11D， 16D， 
14E， 6H， 15H， 3K， 11K， 1L， 3L， 14L， 16L， 22L， 7 
M， 14R， 3Tおよび14Tであった. DMPPFD値を上位
100番目までにした場合には， 7A， 13A， 14A， 22C， 3D， 
11D， 3K， 11K， 3L， 14L， 22L， 3Tおよび14Tであっ
た.しかし，全モデル樹冠のDPPFDsDの変動係数は晴
天日と曇天日で，それぞれ，4.19%と4.47%であり， DM
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Fig. 3. Comparisons of means (closed bars) of DMPPFDs of 20 modelled-crowns of each group of a 
same solid body and that of DPPFDsDS (open bars) under a bright sky (upper partf or an 
overcast sky ()ower part). Vertical lines indicate '1/2 values of their standard' de、liations.K umerals 


























































A bright sky 
An overcast s k
，_ ，_ ，_ ，_ ，._ 1. 110 A B L T 0 N [) K D C R M J E H-P-F;-G C Q
Species of procedures for d巴creaslng
volum巴 ofa solid body 
Fig. 4. Comparison:> of ;neaJ;s (closed bars) of DMPPFDs of 32 modelled-crowns ofeach group of a 
sam巴procedure}or decreasing the volume and that of DPPFDsDS (open bars) und日ra bright 
sky (upper part) or an overcast sky (lower part). Vertical lines i~di~ate 1/ 2 v且luesof their 
standard deviations. Numerals indicate the specュesof procedures and refer to Fig. 2 
で記した容積削減量の増大は総じて無効容積の増大をも
たらすと考えられる.しかし， 削減方法の違いの影響を
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Table 7.Coefficients of correlation between sev日ralbiometrical data， the DMPPFDs and the several HMPPFDs of 
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面ブロックのうち上，下， 東，西 l'街， 北，およびすべ
ての方角を向いたブロック 1面(正方形)の面積を方角
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